Objective To clarify whether cardiac cachexia (CC) alters the prognostic impact of other general risk factors in patients with heart failure (HF). Methods This was an observational study. CC was defined as the combination of a body mass index of < 20 kg/m 2 and at least one of the following biochemical abnormalities: C-reactive protein > 5 mg/L; hemoglobin < 12 g/dL; and/or albumin < 3.2 g/dL. We divided 1608 hospitalized HF patients into a CC group (n = 176, 10.9%) and a non-CC group (n = 1432, 89.1%). The primary endpoints were cardiac event and all-cause death. Results The presence of CC showed significant interactions with other risk factors including cancer, estimated glomerular filtration rate (eGFR), and sodium in predicting these endpoints. Multiple Cox proportional analysis revealed that use of â blockers [hazard ratio (HR) = 1.900, 95% confidence interval (CI): 1.045-3.455, P = 0.035) and eGFR (HR = 0.989, 95% CI: 0.980-0.998, P = 0.018) were independent predictors of cardiac event in the CC group, while age (HR = 1.020, 95% CI: 1.002-1.039, P = 0.029) and hemoglobin (HR = 0.844, 95% CI: 0.734-0.970, P = 0.017) were independent predictors of all-cause death. The survival classification and regression tree analysis showed the optimal cut-off points for cardiac event (eGFR: 59.9 mL/min per 1.73 m 2 ) and all-cause death (age, 83 years old; hemoglobin, 10.1 g/dL) in the CC group. Conclusions In predicting prognosis, CC showed interactions with several risk factors. Renal function, age, and hemoglobin were pivotal markers in HF patients with CC.
Introduction


Cachexia is a complex metabolic syndrome of which chronic illnesses such as chronic obstructive pulmonary disease (COPD), chronic heart failure (HF), cancer, and chronic kidney disease (CKD) are the common leading causes, in order. [1, 2] Cachexia associated with chronic HF is known as cardiac cachexia (CC), with a prevalence ranging from 5% to 15% in patients with chronic HF. [2, 3] CC is related to hemodynamic alterations such as congestion [4, 5] and consequent proinflammation, malabsorption, anorexia, and neurohormonal activation. [5] [6] [7] [8] The presence of CC is a predictor of adverse prognosis, including all-cause death.
nostic risk factors in addition to CC, including impaired renal function, aging, and anemia. [3,1012] However, since CC has a multifactorial underlying pathophysiology in nature, [1, 5, 13] we hypothesized that the presence of CC alters the prognostic impact of these general risk factors in patients with HF. Thus, in the current study, we aimed to elucidate: (1) the interactions between the respective impacts of CC and coexisting prognostic risk factors; and (2) the independent prognostic risk factors and their impact in patients with CC.
Methods
Study design and patient population
This was a prospective observational cohort study of 2213 patients who were hospitalized at Fukushima Medical University Hospital for decompensated HF between January 2010 and December 2017. Diagnosis of HF was made by each attending cardiologist on the basis of the current guidelines. [3, 10] The exclusion criteria (n = 605) were as follows: (1) patients http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology who were receiving maintenance dialysis; and (2) patients whose medical records were incomplete regarding body mass index (BMI), C-reactive protein (CRP), hemoglobin, and/or albumin. Finally, 1608 patients were included in this study. CC was defined on the basis of the previous studies as the combination of BMI < 20 kg/m 2 and at least one of the following biochemical abnormalities: CRP > 5 mg/L, hemoglobin < 12 g/dL, and/or albumin < 3.2 g/dL. [1, 4, 14] We divided these patients based on the presence (the CC group n = 176, 10.9%) or absence (the non-CC group n = 1432, 89.1%) of CC. We compared the patients' characteristics and clarified post-discharge prognosis for cardiac event and all-cause death. A cardiac event was defined as rehospitalization due to worsening HF or cardiac death. [15] Cardiac death was defined as death due to worsening HF, acute coronary syndrome, or ventricular fibrillation documented by electrocardiogram or implantable devices. [15] All subjects gave written informed consent to participate in the study. The study protocol was approved by the ethical committee of Fukushima Medical University. The investigation conforms with the principles outlined in the Declaration of Helsinki. Reporting of the study conforms with STROBE along with references to STROBE and the broader EQUA-TOR guidelines.
Data collection and classification
The patients' characteristics included demographic data and medications at the time of discharge. Blood samples and echocardiographic data were obtained within one week prior to discharge. Estimated glomerular filtration rate (eGFR) was calculated using the modified Modification of Diet in Renal Disease equation: eGFR (mL/min per 1.73 m 2 ) = 194 × serum creatinine (−1.094) × age (−0.287) × 0.739 (if female). [16] As post-discharge follow-ups, status and dates of endpoints were obtained from the patients' medical records. If these data were unavailable, status was ascertained by a telephone call to the patient's referring hospital physician. [15] Comorbidities were defined in accordance with the preceding studies. [15, 17, 18] Peripheral artery disease was diagnosed according to the guidelines using computed tomography, angiography, and/or ankle-brachial index. [17] Cancer was identified from the patient's medical records. [15] COPD was diagnosed based on the patient's medical records, the usage of drugs to treat COPD, or the results of spirometry (forced expiratory volume in 1 second/forced vital capacity < 0.70). [19, 20] 
Statistical analysis
Normality was confirmed using the Shapiro-Wilk test in each group. Normally distributed variables were presented as mean ± SD, non-normally distributed variables were presented as median (interquartile range), and categorical variables were expressed as counts and percentages. Normally distributed variables were compared using the Student's t-test, non-normally distributed variables were compared using the Mann-Whitney U test, and the chi-square test was used for comparisons of categorical variables. Kaplan-Meier analysis was used to assess the two primary endpoints (cardiac event and all-cause death), and a log-rank test was used for initial comparisons. To fit the multifactorial pathophysiology of CC, clinically important prognostic risk factors were evaluated by the univariable Cox proportional hazard analysis separately based on the presence or absence of CC. Then, each prognostic risk factor, CC, and interaction between each prognostic risk factor and CC, were entered into a multivariable Cox proportional hazard model to obtain interaction P values. Moreover, we performed univariable and multivariable Cox proportional hazard analyses in the CC group. Risk factors which had P values of < 0.05 in univariable model were entered into multivariable model. The survival classification and regression tree (CART) analysis were then performed in the CC group to determine the optimal cut-off points in predicting the endpoints if factors had P values of < 0.05 in the multivariable model. These cut-off points were verified by the Kaplan-Meier analysis. P values of < 0.05 were considered statistically significant for all analyses. The survival CART analysis were performed with EZR ver. 1.40 (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R ver. 3.5.2 (The R Foundation for Statistical Computing, Vienna, Austria). All other analyses were performed using SPSS ver. 26 (IBM, Armonk, NY, USA).
Results
Baseline patient characteristics
In the current study, 176 of 1608 patients (10.9%) belonged to the CC group. The comparisons of patients' characteristics are summarized in Table 1 . The CC group patients were older, had a lower prevalence of male sex, lower BMI, and lower systolic blood pressure, compared with the non-CC group patients. With respect to past medical history, peripheral artery disease and cancer were more common in the CC group, although the prevalence of COPD did not differ between the two groups. Prescription rate of loop diuretics was higher, as were B-type natriuretic peptide levels, while eGFR and sodium levels were lower in the CC group. Echocardiography revealed no significant differences between the two groups, except for higher tricuspid regurgitation pressure gradient in the CC group. 
Post-discharge prognosis
During the post-discharge follow-up period of median 1,295 days, there were 483 cardiac events and 419 all-cause deaths. The Kaplan-Meier analysis revealed that cardiac event rate and all-cause mortality were higher in the CC group than in the non-CC group (Figure 1 , log-rank P < 0.001, respectively). In the univariable Cox proportional hazard analysis, CC was associated with both cardiac event [hazard ratio (HR) = 2.609, 95% confidence interval (CI): 2.078-3.277, P < 0.001] and all-cause death (HR = 3.246, 95% CI: 2.587-4.071, P < 0.001). Additionally, with respect to other risk factors, CC showed significant interactions with sex, cancer, loop diuretics, eGFR, and sodium in predicting cardiac event (Table 2) . On the other hand, there were significant interactions between CC and age, hypertension, cancer, albumin, B-type natriuretic peptide, eGFR, and sodium in predicting all-cause death (Table 3).
Next, we focused on the CC group (n = 176) and performed a multivariable Cox proportional hazard analysis (Table 4). Factors which had P values of < 0.05 in the univariable Cox analysis of a subgroup of CC in Tables 2 and 3 were analyzed. With regard to predicting cardiac event, use of â blockers (HR = 1.900, 95% CI: 1.045-3.455, P = 0.035) and eGFR (HR = 0.989, 95% CI: 0.980-0.998, P = 0.018) were independent predictors. On the other hand, age (HR = 1.020, 95% CI: 1.002-1.039, P = 0.029) and hemoglobin (HR = 0.844, 95% CI: 0.734-0.970, P = 0.017) were independent predictors of all-cause death. The survival CART analysis revealed the optimal cut-off points in predicting both cardiac ) and all-cause death (age, 83 years old; hemoglobin, 10.1 g/dL) in the CC group. Finally, these cut-off points were verified by Kaplan-Meier analysis. CC patients with eGFR of ≤ 59.9 mL/min per 1.73 m 2 experienced more cardiac event ( Figure 2 , log-rank P = 0.001). Similarly, CC patients with age > 83 years old, and those with hemoglobin of ≤ 10.1 g/dL had a higher rate of all-cause death ( Figure 3 , log-rank P < 0.001 and P = 0.004, respectively).
Discussion
To the best of our knowledge, the present study is the first to focus on the interactions between CC and other important risk factors, as well as the first to determine independent prognostic factors in HF patients with CC. The main findings of this study were that (1) the presence of CC showed significant interactions with several important risk factors in predicting post-discharge prognosis, and (2) eGFR, age, and hemoglobin were independent predictors of postdischarge prognosis in patients with CC accompanied by useful cut-off points determined by the survival CART analysis.
The term "cachexia" comes from the Greek words kakós (bad) and hexis (condition or appearance), and is described as wasting. [2, 9] The CC group in this study demonstrated several unfavorable features as suggested by the name cachexia. Lower BMI in patients with HF suggests systemic inflammation, catabolism and higher right heart pressure, and is associated with higher cardiac and all-cause mortality. [18] Peripheral artery disease also predicts higher mortality and deteriorates exercise capacity because of its arterial obstruction, endothelial dysfunction, mitochondrial dysfunction, and inflammatory activation. [17, 21] Regarding other cachexia-associated comorbidities, the prevalence of COPD was similar between the CC and non-CC groups. However, COPD in patients with HF can be underrecognized, because both conditions exhibit similar symptoms (e.g., dyspnea and fatigue). [19, 20] COPD can lead to cachexia and is a predictor of adverse prognosis in patients with HF. [20, 22, 23] In the current study, the prevalence of cancer was higher and eGFR was lower in the CC group. These results suggest that cancer cachexia, CKD cachexia, and CC can coexist, or that one type of cachexia can lead to other types of cachexia. Patients with cancer cachexia experience cardiac atrophy and HF through underlying heart disease, cancer itself, or cardiotoxic effects of cancer treatment. [24] [25] [26] Kottgen, et al. [27] collected the data of a community-based prospective cohort and found that patients with eGFR of < 60 mL/min per 1.73 m 2 had a 1.94-fold risk of incident HF compared to those with normal eGFR. Like this condition in which CKD contributes to HF, CKD cachexia causes HF. [14] Hasin, et al. [28] reported in their case-control study that patients with HF had a 1.68-fold risk of developing new cancer. In addition, the authors of the present study recently reported that HF patients with preexisting cancer demonstrated higher prevalence of CKD, COPD, and anemia compared to those without preexisting cancer. [15] These cachexia-associated vicious cross-talk have been explained by shared pathophysiology: metabolic disturbance, oxidative stress, chronic inflammation, and neurohormonal activation. [2, 14, 15, 25, 29] Thus, effective cachexia treatment requires the collaboration of various physicians, including cardiologists, oncologists, nephrologists, and pulmonologists.
With respect to prognosis prediction, we found several significant interactions between CC and other important factors. If the interactions were significant, the HRs of the CC group were all attenuated compared to those in the Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com non-CC group except for male sex in predicting cardiac event. Cancer and sodium showed significant interactions with CC in predicting both cardiac event and all-cause death, suggesting that they were no longer associated with these endpoints in the CC group. Since cachexia is a condition that occurs following cancer and activation of renin-angiotensin-aldosterone system, [2, 5] the prognostic impacts of these factors would decrease when cachexia develops. However, these explanations remain a matter of speculation. Considering the results shown in Tables 2 and 3 , physicians should keep in mind that the prognostic impact of general risk factors can be altered on the basis of the presence or absence of CC in patients with HF.
In our patients with CC, the cut-off value of eGFR in predicting cardiac event was similar to the cut-off value of , which seemed to be reasonable and acceptable. [30] The cut-off value of hemoglobin for predicting all-cause death was slightly lower than the cut-off value for CC diagnosis. Although the causes of decreased hemoglobin (e.g., deficiency of iron, vitamin B12 or folic acid, renal anemia, or occult bleeding) were unclear, anemic patients with CC were presumed to be associated with advanced myocardial remodeling, inflammation, and volume overload. [31] The results from the multivariable Cox proportional hazard analysis of the current study suggest that eGFR and hemoglobin are pivotal biomarkers in patients with CC.
The limitations of this study are worth noting to avoid overstating the results. For the first, the diagnostic criteria of CC included BMI at discharge, not weight loss within a certain period. Secondly, since this was a single-center study with a relatively small number of patients, our results should be considered as preliminary. Further studies including large population and consideration of pre-and post-discharge weight change are required.
